Background: C-peptide is a by-product of insulin biosynthesis released in the circulation in amount equimolar with that of insulin; therefore C-peptide has been used as an index of insulin secretion and its potential role as a predictor of pancreatic and colorectal cancer and kidney disease have been questioned. The relation between C-peptide and diabetic complications attracted the attention of many investigators but not well established yet. The aim of the present study was to explore the relationship between the level of C-peptide and the diabetic microvascular complications in Sudanese patients. Patients and Methods: One hundred and eighty-one type 2 diabetic patients, 61% males and 39% females, aged more than 30 years were recruited from different Khartoum hospitals and studied cross-sectionally. Levels of blood C-peptide and HbA1C were measured with commercially available ELISA kit, and the diabetic complications were determined subjectively by experienced physicians. Results: Patients with no complications showed the highest prevalence 33.7% followed by peripheral neuropathy 33.1%, retinopathy 21.2% and finally nephropathy 11%. Both no-complications (9.05 ± 3.288) and retinopathy (9.10 ± 3.34) groups showed similar level of C-peptide, P value = 0.939. While nephropathy group (5.50 ± 3.73) and peripheral neuropathy (6.60 ± 3.02) showed significantly low levels as compared to that of no complication, P value = 0.000. On the other hand, level of HbA1C showed difference between retinopathy and nephropathy when compared to no complication group but not the peripheral neuropathy. Conclusion: The results of the present study suggest that the most prevalent diabetic complication in Sudanese patients is peripheral neuropathy, and the association between C-peptide and diabetic complications is more prominent with nephropathy and peripheral neuropathy rather than retinopathy.
Introduction
Diabetes mellitus is a health problem with socio-economical implications and life-threatening complications. The number of diabetic patients in Africa was estimated to be 14 millions in 2011 and expected to rise to 28 million by 2030 [1] . While in Sudan the prevalence of the disease has risen in four main regions from 9.3% in 2010 to 10 .6% in 2013 [2] [3] . The prevalence of diabetic complications has also increased in line with the rising occurrence of the disease itself. Despite the significance of chronic diabetic complications as a major cause of morbidity and mortality among diabetic patients, there are few studies with relatively small samples, highlighted theses chronic complications in Africa in general and Sudan in particular [4] . The most common microvascular complications associated with diabetes are, retinopathy, nephropathy, and neuropathy. Retinopathy is believed to be the main cause of blindness among adults in developed countries [5] . In Africa, retinopathy was reported in 16% -55% of diabetic patients [6] . The risk of retinopathy was reported to be associated with duration of the disease and poor glycaemic control [6] , a case commonly encountered in Sudan. Nephropathy is one of the most common complications of diabetes; it is the leading cause of end-stage renal disease; diabetic nephropathy is believed to be more frequent among diabetic patients in Africa due to poor disease management and limited diagnostic resources [7] - [9] . Despite the scarcity of published data on complications associated with diabetes in Sudan, the prevalence of nephropathy in Sudanese diabetic patients is believed to be 22% [10] . It was also reported that there are no substantial differences between patients with type-1 and type-2 with respect to the course of diabetic nephropathy in Sudanese [11] although it was presumed that 20% -30% of type-1 and 10% -20% of type-2 patients will develop end-stage renal disease [12] [13] . Diabetic neuropathy is a group of nerve disorders caused by diabetes; this involves various nerves in many body organs, including the feet, arms, heart, digestive system, and urogenital system. Although the rate of complications varies between countries, generally about 60% -70% of diabetic patients develop some form of neuropathy [14] . Nerve problems in diabetic patients can occur at any time; however, the risk increases with age, duration of the disease, blood sugar control, smoking, hypertension, obesity, and hyperlipidemia [14] . Diabetic neuropathy can be classified into four types, namely, peripheral neuropathy, autonomic neuropathy, proximal neuropathy, and focal neuropathy. The most common type of diabetic complications is peripheral neuropathy; for instance in Europe and North America peripheral neuropathy accounts for 28% -55% of all diabetic complications [15] - [17] , while in Africa the rate peripheral neuropathy varies between countries ranging from 4% to 84% [4] . Although very scarce, the published data on the prevalence of neuropathy in Sudan indicated a 40% rate among diabetic patients [18] . The diagnosis of diabetes has always relied on blood glucose measurement; however, C-peptide and hemoglobin A1C are proving to be useful tools in the diagnosis of diabetes, hypoglycemia and insulinoma. C-peptide was initially thought to be a by-product of insulin metabolism and biologically inactive; however, its biological activity in relation to diabetes mellitus was emphasized upon by many researchers, and many studies have linked low levels of C-peptide to diabetic complications [19] . C-peptide measurements have also been used as a marker of pancreatic β-cell function. C-peptide is produced by the enzymatic cleavage of preproinsulin and proinsulin that are produced in the pancreatic β-cells in response to elevated blood glucose, the enzymatic cleavage of proinsulin by proconvertase and carboxypeptidase yields insulin and C-peptide, which are released in equimolar amounts from β-cells into the portal circulation. C-peptide is cleared by the kidneys and has a half-life of about 20 to 30 minutes compared to insulin which is cleared by the liver and has a half-life of about 3 to 5 minutes [20] . On the other hand, hemoglobin A1c (HbA1c) reflects the average level of glucose in the blood over a period of 2 -3 months by measuring the proportion of hemoglobin that has become glycosylated. The aim of this study was to investigate how blood C-peptide and HbA1C relate to the risk of retinopathy, nephropathy and peripheral neuropathy in Sudanese diabetes mellitus patients.
Materials and Methods
A cross-sectional study included 181 patients suffered diabetes mellitus type 2 for at least 3 years, and aged more than 30 years, recruited from Jaber Abo Elez hospital, Zenam center for diabetes and hemodialysis, and Mohamed Ali Altoum diabetes center, during the period from 2015-2016. Patients' clinical information included duration of the disease, history of hypertension and familial history of diabetes were obtained from their respective medical records. Patients with chronic disease, active infection, and alcoholism were excluded. Diabetic complications of the participants were evaluated subjectively by experienced physicians or by referring to their respective medical records. Retinopathy was evaluated by experienced ophthalmologist, cases that required retinal photography and fundoscopic examination was carried out. Peripheral neuropathy was evaluated by quantitative sensory testing by assessing touch, vibration and heat conducted by experienced neurologist. Diabetic nephropathy was evaluated by measuring urinary albumin concentration at random, 17 m/l was set as the cut off point for diagnosis of microalbuminuria [21] . Serum C-peptide levels were measured by Human C-peptide EIA kit (Raybiotech-USA) with detection range of 0.1 -1000 ng/ml, All reagents, buffers and controls were prepared as per the manufacturer instructions, 100 µl of anti c-peptide was added to each well incubated for 1.5 hour at room temperature (R.T), then 100 µl of each sample and standard were added to their designated wells and then incubated for 2.5 hour at R.T, followed by adding 100 µl of streptavidin to each well and incubated for 45 minutes at R.T and then 100 µl of the substrate was added to each well and incubated for 30 minutes at R.T, then 50 µl of the stop solution was added and the plates were read immediately at 450 nm. Glycated hemoglobin (HbA1C) was measured by Hemoglobin A1C-Direcr (HbA1C-DIR) (BioSystems-Spain) as per the manufacturer's instructions and the sample was read twice at 670 nm after 10 seconds and 5 minutes of incubation. This study was approved by the ethical committee of faculty of medical laboratory sciences, Alneelain University, and an informed oral consent was obtained from all participants prior to specimen collection. The results of the study were made available for participants.
Statistical Analysis
Data were analyzed with IBM SPSS statistics 20, and expressed as Mean ± SD. Level of significance was set at ˂0.05. T test and ANOVA tests were used to compare C-peptide and HbA1C in different groups, and Pearson correlation was used to assess the associations between different study variables.
Results
The present study comprised of 181 type 2 diabetic patients, 61% male and 39% female, with age range 39 -80 (Mean 60.04 ± 10.022) and disease duration 3 -40 year (12.50 ± 5.5), 21% hypertensive and 79% normotensive. Patients were assigned to four groups based on the type of the diabetic complications, 33.7% no complications, 21.2% retinopathy, 11% nephropathy, and 33.1% peripheral neuropathy. The level of C-peptide of diabetic patients with no complications (9.05 ± 3.28) showed no significant difference when compared with that of diabetic patients with retinopathy (9.10 ± 3.34) with P value 0.939, however, significant difference was seen when compared with nephropathy group (5.50 ± 3.73) with P value 0.000, and with peripheral neuropathy group (6.60 ± 3.02) with P value 0.000. On the other hand the comparison of the HbA1C in the three groups with complications with the no complication group showed a significant difference between the no complication group and both retinopathy group with P value 0.001, and nephropathy group with P value 0.040, but not with peripheral neuropathy group, P value 0.482, as shown in Table 1 . Comparison of the diabetic complications based on the duration of diabetes showed that those with no complications had the least duration (10.74 ± 7.1) followed by those with retinopathy (11.75 ± 5.01) and those with nephropathy (14.10 ± 2.26) and those with peripheral neuropathy (14.27 ± 3.77), as shown in Figure 1 . The correlation results showed no correlation between C-peptide level and HbA1C, P value 0.262, similar results were also seen between C-peptide level and age at diagnosis, P value 0.06 and duration of the disease, P value 0.05, as shown in Table 2 . When the level of C-peptide was compared between smokers and non-smokers, and between hypertensive and normotensive, no significant difference was observed in neither of the two cases, with P value 0.887 and 0.083 respectively. Similar results were also obtained when C-peptide was compared based on the gender of the patient, with P value 0.933, as shown in Table 3 .
Discussion
Diabetic angiopathies are believed to be the major complications related to diabetes mellitus, number of studies have suggested a strong association between microvascular complications and poor glycemic control [22] [23]. Table 2 . Correlation between C-peptide, HbA1C, disease duration and age. The level of blood C-peptide as an appropriate measure of insulin secretion was previously reported, although it was first believed that C-peptide is an inactive by-product of insulin metabolism, recent reports are suggestive of hormonal activity of this molecule [24] - [26] . Number of studies have reported an association between C-peptide and the risk of pancreatic and colorectal cancer [27] [28]. C-peptide level was also investigated as predictor for cardiovascular disease in non-diabetic adults [29] . In the current study we explored the association between the non-fasting C-peptide level and the diabetic complications. The findings of the present study showed that the most prevalent diabetic complication is peripheral neuropathy, followed by retinopathy and the nephropathy, this is supported by results from a previous study carried out on Sudanese diabetic patients [30] and it is worth noting that the percentages of diabetic complications in this study fall well within the range of prevalence in Africa. Both no-complications group and retinopathy group showed a significantly higher C-peptide level than nephropathy group and peripheral neuropathy group, which disagree with previously reported results [22] , while other studies reported a protective effect of high C-peptide level [31] - [34] which indicates low levels of C-peptide in those with diabetic complications. The C-peptide level in the present study showed no correlation with the duration of the disease, although patients with no complications were of lower disease duration when compared to the other three groups, a similar result was also reported [22] [35] , and the fact that diabetic complications require long time to appear may explain the difference in the disease duration between those with no complications and those with complications. In the present study both retinopathy and nephropathy groups showed higher level of Hb A1C comparatively to the no complication group, this goes in concordance with previous reports [4] [7] [10] , while the result of the peripheral neuropathy group show no difference from the no complication group which contradict earlier results [10] that reported an association between increased Hb A1C and different neuropathies, this may be attributed to the difference in the study design and population. Neither the results of comparison based on smoking, nor based on hypertension showed difference in the level of C-peptide between the compared groups, similar results were reported for both diabetics and non-diabetics [28] [36].
Conclusion
The present study is one of the few attempts to explore the relation between C-peptide and diabetic complications in Sudanese type 2 DM patients. The results indicate that peripheral neuropathy is the most prevalent complication followed by retinopathy and nephropathy. It can also be concluded that there is an association between low level of C-peptide and nephropathy and peripheral neuropathy but not retinopathy. The results also suggest that HbA1C, duration of the disease, age and gender of the patient, smoking habit and high blood pressure have no influence over the level of C-peptide in Sudanese diabetic patients.
